Considerations from a network theory of the immune system suggest that human immunodeficiency virus and allogeneic stimuli may act synergistically to cause AIDS. The immune responses to these stimuli include two components that are directed against each other. In some AIDS risk groups other antigens that mimic major histocompatibility complex antigens may substitute for allogeneic stimuli. Implications for the prevention of AIDS are discussed.
The idea that human immunodeficiency virus (HIV) is the sole cause of AIDS (without any cofactors) and is directly responsible for the depletion of CD4-bearing T cells is currently being questioned by many researchers for several reasons. A surprisingly low number of T cells are infected with HIV in AIDS (1) , and immunosuppression occurs prior to depletion of CD4 cells (2) . Furthermore, immunity against HIV does not protect against AIDS; AIDS patients have high quantities of anti-HIV antibodies in their sera (3) and generate a strong anti-HIV cytotoxic T-cell response (4) but are not protected. In fact, people tend to become seriously ill only after they make anti-HIV antibodies. In spite of intensive research, a detailed mechanism explaining T-cell depletion in vivo, only on the basis of HIV infection, has not been characterized.
An alternative possibility being considered by several groups of researchers is that HIV induces a deleterious immune response that attacks the immune system itself (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . In this paper, we describe an immunological process that could lead to AIDS.
Network Regulation
The recognition of variable (V) regions by lymphocytes and vice versa is widely believed to be a central aspect of the specific regulation of the immune system (16) . The relative levels ofpopulations oflymphocytes and the topology oftheir interactions are then key aspects of a description of the system. Some lymphocyte populations recognize an invading antigen, and some have V regions that functionally resemble the antigen in that they have complementarity to the V regions of antigen-specific clones. Specific interactions between these populations are believed to regulate the immune response. An explicit network model accounts for a considerable range of phenomena, including memory, separate roles for IgM and IgG, helper T cells, suppressor T cells, and specific T-cell factors (10, 11, (17) (18) (19) (20) (21) .
The theory we describe here emerges from that model. An important component of the theory is the concept of network focusing, which refers to the ability of the network to select clones that are images of particular antigens, including self antigens. A second component is the idea that there is a major axis of specificities in the immune system, bounded by self class I and class II major histocompatibility complex (MHC) antigens. We suggest AIDS is a consequence of a destabilization of the system after excessive stimulation along its major axis.
T Bidirectional stimulatory interactions between helper T cells (anti-class II) and the image-of-class-II-MHC T cells would be mutually stabilizing. These considerations lead to a "network focusing" topology ( Fig. 1) . Each suppressor T cell is idiotypically connected to a large number of helper T cells and the suppressor T cells are said to have a high network connectivity. The idea that suppressor T cells have higher network connectivity than helper T cells is a basic aspect of the theory (10, 11) . The two sets of cells shown in Fig. 1 reported between a conserved region of gpl20 and MHC class II (32) and also between Nef of HIV and MHC class II (33) . If, however, the breaking of tolerance to self class II MHC is the primary pathogenetic event, we would expect B cells, macrophages, and monocytes (cells that express high levels of class II MHC) to be preferentially killed rather than T cells. On the other hand, if the above center pole model is correct, rather than class II MHC itself being an accidental second target of the immune response to gpl20, MHC class II image on suppressor T-cell idiotypes could be a target. An attack on this center pole could be a step toward destabilizing the system.
Foreign Lymphocytes and Synergy Between Two Immune Responses
People in some high risk groups are also typically exposed to foreign lymphocytes that are present in blood or ejaculates. A possible connection between alloimmunity and AIDS was first suggested by Shearer on the basis of similar pathologies in AIDS and graft-versus-host disease (34) . The immune response to foreign lymphocytes includes responses both to conventional histocompatibility antigens and to receptors on the foreign lymphocytes that recognize the host (35) (36) (37) . The latter receptors have mainly anti-host MHC specificity, and the response to them is an "anti-anti-self MHC" or "self MHC-image" response.
The relationships between the various components that we need to consider are shown in Fig. 2 . The components include class II MHC, anti-class II (idiotypes of helper T cells and of foreign lymphocytes that recognize host MHC), CD4 (also complementary to class II), class II MHC image, gpl20, anti-gpl20, and anti-(MHC class II image). In people exposed to HIV and allogeneic cells, there is the possibility of two immune responses that are directed against each other. As explained above, parts of the anti-HIV response may be anti-(MHC image), while the response to foreign lymphocytes includes an MHC-image response. Each of these two responses sees the other as the "enemy," even though the original responses were provoked by something else. The two responses can therefore be expected to synergize, and they confuse the other responding cells with the provoking antigens. That is, they attack not only HIV and the foreign anti-self idiotypes, but also the endogenous center pole (MHC image) and canvas (anti-class II helper-cell idiotypes), destabilizing this central T-cell idiotypic structure.
In summary, AIDS may be an autoimmune disease that can be triggered by a combination of HIV and allogeneic stimuli rather than by HIV alone. Synergy between the MHC-image and anti-MHC-image immune responses is envisaged as destabilizing the system and producing characteristic symptoms of HIV disease (increased immunoglobulin levels, immune complexes, and a failure of normal regulation leading to the production of autoantibodies) during the so-called latency period.
This mechanism of AIDS pathogenesis is consistent with the observation that AIDS develops after a prolonged period of immune system activation. The typical delay in the onset of AIDS may result from the immune system being a selfstabilizing network with a large number of different clones stabilizing the center pole. The destabilization of a complex self-stabilized network could take a long time.
Homosexuals typically receive allogeneic lymphocytes in ejaculates. Intravenous drug users are exposed to only small amounts of allogeneic cells, and the reader might well ask whether such small stimuli could trigger a catastrophic process. However, the proposed synergy means an allogeneic stimulus may be primarily important for getting the MHCimage clones started. Clones responding to HIV could then become the stimulus for the MHC-image clones and vice versa, and the process could become self-propagating. AIDS in risk groups that are not exposed to allogeneic cells is discussed below. We now turn to considering some of the various AIDS risk groups. We see some interesting serological differences between homosexuals and hemophiliacs.
Anti-collagen Antibodies in Homosexuals
Anti-collagen antibodies are not predicted by the above model, but their occurrence in AIDS patients and elsewhere provides circumstantial support for it. We found anticollagen antibodies in the sera of many homosexuals, both HIV negative (32%) and HIV positive (66%), and in the sera of 100% of homosexual AIDS patients (38) . The anti-collagen antibodies react preferentially with denatured collagens and are rarely seen in rheumatoid arthritis or other arthritides. Such antibodies are also found in graft-versus-host disease (39), a form of alloimmunity with similarities to AIDS in its pathology (34) . It is possible that anti-collagen is a marker of alloimmunity, such that many homosexuals express anticollagen antibodies as a consequence of alloimmunity and independently of HIV infection. Since only those that make anti-collagen antibodies appear to develop AIDS, the findings are consistent with alloimmunity and HIV being cofactors that cause autoimmunity and AIDS in homosexuals.
Anti-anti-CD4, Anti-anti-CD8, and Anti-anti-gp120 in Hemophiliacs
The immune system of hemophiliacs seems to have been perturbed along the major axis by MHC-like antigens, because many HIV-negative hemophiliacs make anti-anti-CD4, anti-anti-CD8, and anti-anti-gpl20 antibodies (M.D.G., unpublished data). The fraction of hemophiliacs expressing these antibodies increases after HIV infection. Since CD4 and CD8 are complementary to class II and class I MHC, respectively, anti-anti-CD4 may resemble anti-class II or anti-class II image, and anti-anti-CD8 may resemble anticlass I or anti-class I image.
These results can be considered in light of another idea about the T-cell repertoire. Suppressor T cells and cytotoxic T cells are often viewed as belonging to the same broad class ofT cells, since they both express CD8. Cytotoxic T cells are selected to be weakly anti-class I MHC, and CD8 itself has complementarity to class I MHC. Together with the idea that at least some suppressor T-cell idiotypes are selected to recognize and be recognized by anti-class II MHC helper T-cell idiotypes, this suggests the existence ofa "major axis" of specificities in the selected T-cell repertoire, consisting of the sequence class II MHC-CD4 T-cell idiotypes-CD8 T-cell idiotypes-class I MHC. Class I and class II MHC molecules are then viewed as boundary conditions of the T-cell repertoire.
What MHC or MHC-like antigens could be responsible for the production of the anti-anti-CD4-image, anti-anti-CD8, and anti-anti-gpl20 antibodies in hemophiliacs? Hemophiliacs are exposed to factor VIII that is obtained from blood. One possibility is that the factor VIII preparations contain HLA antigens. An Hemophiliac AIDS and homosexual AIDS seem to differ in several respects. For example, Kaposi sarcoma is common in homosexual AIDS, but it is rarely seen in hemophiliac AIDS. We detect anti-collagen antibodies with high prevalence in homosexuals (see above) but not in any HIV-negative hemophiliacs (0/44), and in only 13% of HIV-positive hemophiliacs (3/24) . Another difference is that we see elevated levels of anti-anti-CD4, anti-anti-CD8, and anti-anti-gpl20
antibodies in very few homosexuals, in contrast with the high prevalence in hemophiliacs (M.D.G., unpublished data). Different cofactors that are MHC mimicking or anti-self MHC image can be expected to cause different modes of response of the system, albeit the perturbations are eventually fatal in both cases.
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AIDS in Africa
In Africa and some parts of the Carribean, AIDS is equally prevalent among males and females. Ordinary heterosexual practices do not typically result in alloimmunity, and in this case other factors may play the role ofan allogeneic stimulus. The association between mycobacterial infections, which are widespread in developing countries, and autoimmunity has been recently reviewed (42) , and the fact that there is a cross-reaction between Mycobacterium leprae (the causative agent of leprosy) and HLA-DR (43) may be an important link with the model described above. There is also a crossreaction between M. leprae and HIV § that could play a role. Anti-collagen antibodies occur in lepromatous leprosy (39) , and this serological similarity with homosexuals may be significant.
The longer history of HIV infection in Africa may alternatively have led to the emergence of a virus that more accurately mimics a common center pole shape. The threedimensional shapes ofproteins are related to nucleic acid and protein sequences in a nontrivial way, so unfortunately this idea is unlikely to be either supported or refuted by sequence data. If selective processes have resulted in HIV in Africa having more cross-reactivity with endogenous center poles than is the case elsewhere, synergy may be less important in evoking disease. From the standpoint of the above model, simian immunodeficiency virus (SIV) in the macaque monkey could be analogous to heterosexual AIDS in Africa. The SIV envelope protein binds to simian CD4, so SIV may have the essential antigenic feature needed to induce an AIDS-like disease in the context of the above model. Natural infection with SIV is widespread in the wild and does not cause disease. On the other hand, a laboratory-isolated SIV strain causes rapidly fatal disease with a pathology similar to AIDS and without any need for an allogeneic cofactor.
AIDS in Babies
HIV-infected babies often develop AIDS very quicklynamely, a few months after birth. They are exposed to maternal cells at birth and to maternal immunoglobulin in utero. The maternal cells are typically semiallogeneic, and the maternal immunoglobulin is typically selected in a semiallogeneic MHC environment. The postulated center pole structure presumably forms early in development, when the immune system is sensitive to even very small perturbations. The development of the center pole could easily be disrupted by the presence of HIV and allogeneic stimuli.
Aniti-HIV and MHC-Image Antibodies in Aflonimune Mice
We considered the possibility that the hypothetical suppressor T-cell center pole may be at least partly conserved across species, so that anti-center pole antibodies could be produced in alloimmune mice. This would follow from conservation across species of some MHC determinants that influence the selection of a center pole. This argument does hiot involve CD4, so the fact that mouse CD4 does not bind gpl20 is irrelevant. A reagent that could permit the detection of such anti-center pole antibodies is gpl20. We found that anti-gpl20 antibodies can indeed be detected in hyperimmune alloantisera (44) . Since the mice have never been immunized with gpl20, a reasonable interpretation is that the anti-gpl20 antibodies are anti-MHC-image antibodies. It is then plausible that anti-gpl20 antibodies formed in response to HIV are anti-MHC image.
We also see anti-p24 antibodies in murine alloimmune sera (44) . In view ofevidence of similarities between class II MHC and each of gpl20, gp4l, and Nef, it is possible that the anti-p24 activity is also due to crossreactivity between p24 and class II MHC image. The possibility of at least four different HIV components being involved in the postulated mechanism of pathogenesis suggests that there has been evolutionary pressure for HIV components to be MHC mimicking.
As discussed above, in addition to the putative anti-MHCimage antibodies, alloimmune mice contain MHC-image antibodies. Alloimmune mice thus contain both forms of immunity postulated in the above model, but their MHC-imageanti-MHC-image activation evidently does not normally reach a level such that the postulated synergy leads to disease.
Anti-HIV, MHC-Image, and Anti-collagen Antibodies in
Autoimmune Mice
The MRL lpr/lpr and MRL +/+ strains are models of the autoimmune disease, systemic lupus erythematosus. We found that anti-gpl20 can also be detected in the sera of both strains of mice (44) . This is of particular interest because systemic lupus erythematosus and AIDS have at least 31 features in common (45) . We also see MHC-image antibodies, including class I image and class II image, in MRL mice but not in normal mice (44) . These mice have no way of "knowing" the difference between monomorphic and polymorphic MHC determinants, and in this case polymorphic determinants may play a role, since we see MHC-image reactivity against anti-I-Ak and anti-H-2KkDk but not against anti-I-Ab or anti-H-2KbDb monoclonal antibodies.
Thus, both kinds of immunity that are postulated in our AIDS model (MHC image and anti-MHC image) occur in this murine model of autoimmune disease. There is a slow onset ofdisease in MRL mice, with death at =6 months in the MRL lpr/lpr strain and at =18 months in MRL +/+. Hence, even in the absence of extrinsic stimuli there is an inherent instability in the immune systems of MRL mice that leads to autoimmunity, and it occurs together with MHC-image and presumptive anti-MHC-image antibodies. Thus, the evidence supports a network model of pathogenesis for autoimmune mice, and allogeneic lymphocytes and gpl20 provoke the production of antibodies with similar specificities. The similarity between systemic lupus erythematosus and AIDS is further emphasized by the fact that anti-collagen antibodies are also seen in MRL mice (46) .
Conclusions
The idea that AIDS is an autoimmune disease induced by two agents-namely, HIV and allogeneic or other MHCmimicking stimuli-seems to provide explanations for some puzzling aspects ofthe disease. It is noteworthy that the basic model emerges from postulates about the immune system that were made without reference to AIDS. The postulates had been made anyway; they were not tailor-made to solve this problem. Elsewhere (47), we discuss how the model may account for 11 paradoxes formulated by Duesberg (48) .
A dynamic model of HIV-mediated killing, designed to account for some of the puzzling features of AIDS, such as the low frequency of virus particles and the long latency period, has been formulated by Perelson (49) . That model does not involve the immune system actively in the pathogenic process, so it cannot provide explanations for the serological phenomena we have discussed.
The most satisfying evidence for a particular model of pathogenesis would be the discovery of successful disease prevention strategies that are formulated on the basis of the §Raj, L model. Autoimmunity models suggest we should be trying to induce specific tolerance to HIV proteins rather than immunity. An important experiment will be to determine whether induction of tolerance to SIV proteins prevents the development of disease upon subsequent infection with SIV in the macaque model of AIDS.
Anti-collagen antibodies were found in the serum of all of 17 homosexual AIDS patients studied. If we can specifically suppress the production of these antibodies, it is conceivable that we may also affect the network in a way that helps to suppress the development of the disease. This scenario would be of interest at least for HIV-positive, anti-collagen negative homosexuals.
The induction of tolerance to HIV is precisely the opposite approach from that currently pursued by most researchers involved in vaccine development. A possible AIDS prevention strategy would be to induce tolerance in individuals at risk of HIV infection and allow benign HIV infection to become widespread. Such a strategy would necessitate a significant psychological adjustment on the part of the public. A less radical approach would be to attempt to induce tolerance to MHC-mimicking parts of HIV, while inducing immunity to other parts. The extensive experience that immunologists have accumulated in methods for generating specific immunological tolerance can be brought to bear on these problems.
We suggest that this MHC-image-anti-MHC-image theory of AIDS pathogenesis be called the "MIAMI model" for short. It will be disproven (or at least shown to be less helpful than anticipated) if the disease is not prevented by inducing tolerance to HIV components that cross-react with MHC images on T cells.
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